Keywords: cAMP response element-binding protein Long-term memory Ellipsoid body Mushroom body Spatio-temporal recording In vivo transcriptional activity a b s t r a c t CREB (cAMP response element-binding protein) is an evolutionarily conserved transcription factor, playing key roles in synaptic plasticity, intrinsic excitability and long-term memory (LTM) formation. The Drosophila homologue of mammalian CREB, dCREB2, is also important for LTM. However, the spatio-temporal nature of dCREB2 activity during memory consolidation is poorly understood. Using an in vivo reporter system, we examined dCREB2 activity continuously in specific brain regions during LTM processing. Two brain regions that have been shown to be important for Drosophila LTM are the ellipsoid body (EB) and the mushroom body (MB). We found that dCREB2 reporter activity is persistently elevated in EB R2/R4m neurons, but not neighboring R3/R4d neurons, following LTM-inducing training. In multiple subsets of MB neurons, dCREB2 reporter activity is suppressed immediately following LTM-specific training, and elevated during late windows. In addition, we observed heterogeneous responses across different subsets of neurons in MB ab lobe during LTM processing. All of these changes suggest that dCREB2 functions in both the EB and MB for LTM formation, and that this activity contributes to the process of systems consolidation.
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Introduction
Drosophila are able to form Pavlovian associations (Tully & Quinn, 1985) , and the mechanisms of aversive olfactory learning and memory formation have been intensely studied (Keene & Waddell, 2007; Margulies, Tully, & Dubnau, 2005; McGuire, Deshazer, & Davis, 2005) . After a single conditioning trial where an electric shock (unconditioned stimulus, or US) is coupled with a particular odor (conditioned stimulus, or CS), Drosophila can form a memory of the association between these two stimuli (Tully & Quinn, 1985) . The newly formed memory will disappear within a day due to passive decay and/or interference (Shuai et al., 2010; Tully, Preat, Boynton, & Del Vecchio, 1994) . However, flies trained with multiple spaced conditioning trials can form long-term memory (LTM) that lasts up to 7 days (Tully et al., 1994) . Drosophila LTM formation requires activity of the transcription factor cAMP responsive-element binding protein (CREB or dCREB2 in flies) (Yin et al., 1994) , which plays a critical, evolutionarily conserved role in the conversion of short-term memory (STM) to LTM (Alberini, 2009; Benito & Barco, 2010) . Historically, CREB has been considered to be required around the time of training (Alberini, 2009; Yin et al., 1994) . However, several studies in both mammals and Aplysia also suggest that the LTM-inducing training can produce biphasic effects on CREB activity, lasting for many hours (Bernabeu et al., 1997; Liu, Cleary, & Byrne, 2011; Stanciu, Radulovic, & Spiess, 2001) . Despite these indications, the inability to measure long-term changes in CREB activity over the course of memory processing has limited our understanding of CREB's role in LTM formation. Furthermore, in Drosophila, effects of genetic manipulations on LTM are generally tested behaviorally 24 h after training. As a result, our understanding of the molecular events in memory formation is largely limited to this time window. In this study, we begin to address these issues through a continuous examination of dCREB2 activity for days following training that results in LTM formation.
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